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Abstract
This paper examines the transverse momentum spectra of hadrons in the multi-
particle production at LHC in the framework of Quark-Gluon String Model (QGSM).
It discusses the dependence of average pt on the masses of mesons and baryons at
the LHC energy 7 TeV. The QGSM description of experimental spectra of hadrons
led to the following conclusions. a) The average transverse momentum dependence,
through examining the different hadron flavours, reveals the regularity in the mass
gaps between baryon-meson generations. b) This observation gives the possibility
for symmetrical(neither-meson-nor-baryon) hadron states with the masses: 13.7,
37.3, 101.5, 276, 750... GeV, which are produced by geometrical progression with
the mass factor of order δ(lnM)=1. c) The states are neutral, heavy and have valu-
able energy of connection, therefore they are expected to be rather stable. Such a
way, they are a proper candidate for the Dark Matter particles. The average trans-
verse momenta extrapolated to very heavy masses should be useful for the search
for these states in future experiments.
1 Introduction
The aim of this research was to analyze the transverse momentum spectra of hadrons
from the modern collider experiments (ISR1,STAR2, ALICE3, and CMS4).
Figure 1: Transverse momentum distributions of Λ0 hyperons from colliders up to LHC. The data are
from ISR 1 p− p at
√
s = 53GeV - black triangles, STAR2 p− p at
√
s=200 GeV - black stars; ALICE
3 p− p at
√
s=900 GeV - empty circles and CMS4 p¯− p at 7 TeV - black squares.
The figure 1 presents the compilation of the data, dN (Λ0)/dpt, in the region 0.1
GeV/c < pt < 5 GeV/c from the following experiments (ISR
1, STAR2, ALICE3 and
CMS 4. It illustrates the changes in hyperon transverse distributions in the energy
distance from ISR to LHC experiments. Since we do not need the absolute values
of distributions in order to calculate the average pt , those are chosen arbitrarily.
The range of low pt 0.3 GeV/c < pt < 4 GeV/c has the most impact on the value
of average pt. The figure clearly shows that average transverse momenta grow with
energy.
A number of reasons warrant this study 5. First of all, the preliminary com-
pilation of data on Λ0 hyperon transverse momentum distributions demonstrates
a difference in the dynamics of multi particle production in proton-proton vs.
antiproton-proton collisions, which suggests that the baryon spectra are sensitive to
the asymmetrical reactions where the fragmentation of diquark-antidiquark side of
cut pomeron plays an important role.
Secondly, the detailed study of characteristics of baryon spectra is necessary at
the energies between Tevatron and LHC, because the cosmic ray proton spectrum
has a ”knee” in this range of energies ?. The change in the slope of spectrum
of protons, produced in the space, either have an astrophysical origin or can be
explained by the substantial change in the dynamics of hadron production at this
very energy gap.
Finally, the course of average transverse momenta with the growing hadron
masses can demonstrate the availability of higher mass particle generations beyond
beauty hadrons, which are neutral and stable that means they are not easy de-
tectable.
These short preliminary report is devoted to the mass dependence of transverse
momenta at the LHC energy
√
s= 7 TeV.
2 Hadron Transverse Momentum Distributions in QGSM
The Model of Quark-Gluon Strings 6,7 has been designed for the description of
rapidity distributions and hadron energy spectra in xF coordinates as well. The
Model operates with pomeron diagrams, which help calculate the rapidity spectra
of produced hadrons. These spectra are presented as the convolutions of constituent
quark structure functions with the quark-antiquark pair distributions at the frag-
mentation of cut pomeron cylinder sides into the certain hadrons, Λ0 hyperon in
this case, (see the figure 2).
Figure 2: QGSM multiparticle production diagrams: the left is for proton-proton and the right is for
antiproton-proton reactions.
The early QGSM study9 on the hadron transverse momentum distributions has
shown that the spectra of baryons in proton-proton collisions can be described with
the following pt-dependence:
E
d3σH
dxF d2pt
=
dσH
dxF
∗ A0 ∗ exp[−B0 ∗ (mt −m0)], (1)
wherem0 is the mass of produced hadron,mt =
√
p2t +m
2
0. The slope parameter,
B0, used to bring the dependence on xF in the previous research
9. The value of the
slopes of baryon spectra for the data in central region of rapidity, Y=0, are constants
and were estimated for many types of hadron spectra (pi, K, p) the collisions up to
the energies of ISR experiment.
As it is seen above, the slopes of spectra, B0, at the modern collider experiments
depend on energy, that gives the growing transverse momenta.
3 Average Transverse Momenta vs. Mass of Hadrons
The previously published analysis of transverse momentum spectra of baryons from
LHC experiments (ALICE, ATLAS, CMS)11 was provided with only partial data on
hadron spectra. In order to get a full understanding of average transverse momen-
tum dependence on hadron mass, we supplement here the data on kaon, D-meson
and B-meson spectra from LHC 12 at 7 TeV. The pt distributions heavy quark
mesons were fitted with the same formula (1) as the hyperon spectra.
Figure 3: The QGSM fit of B-meson spectra at
√
s=7 TeV in LHCb12 experiment.
The dependence of average transverse momenta on the mass of hadron in the
figure 4 shows that < pt >’s grow with masses. If we imagine exponentialy symmet-
ric point between meson and baryon masses of the same flavour, the mass distance
between points of one hadron generation and the next one can be estimated with
the factor δlnMH = 1. It means the following geometric progression for the masses
of hypotetical hadrons: MHn = 0.258 ∗ en−1.
Figure 4: The mass dependence of average momenta of hadrons (mesons - empty triangles, baryons -
black circles). The extensions for the hypothetical heavy hadron states are shown with the black stars.
The is expanded with average pt dependence < pt >∝M0.1H above the bottom hadron masses.
The extension of this sequence provides the hadron states with the masses: 13.7,
37.3, 101.5, 276, 750 GeV and so forth. The plot is expanded with average pt depen-
dence < pt >∝M0.1H above the bottom hadron masses. These hypothetical hadrons
may represent heavy multi quark states that are neutral, with neither electric, nor
baryon/lepton charge. This hypothesis attempts to predict new particles, which are
matching the conditions for the Dark Matter. The ”supersymmetric” unification of
baryon and meson features at heavy masses has been revisited recently in 13.
It should be noted, however, that the mass of top quark does not match the
suggested collection of new hadron states. But top quark mass is to be released
from the lower mass multiquark state with the connection energy applied.
4 Conclusions
The overview of results in transverse momentum distributions of hyperons produced
in proton-proton collisions of various energies 8,10 has revealed a significant change
in the slopes of baryon spectra with energy in the region of pt = 0,3 - 8 GeV/c.
The average pt values in proton-proton collisions grow steadily as the power of
energy, s0.05, up to highest LHC energy 7 TeV and above. Therefore, the hadron
production processes at the energies of LHC are not totally random.
The average transverse momentum analysis, through examining the different
mass of hadrons, indicates a regularity in the mass gaps between heavy quark
baryon-meson generations. This observation gives the possibility for more hadron
states with the masses: 13.7, 37.3, 101.5, 276, 750... GeV, which are produced by
geometrical progression with the mass multiplier of order δ(lnM)=1. These hadron
states are supposed to consist of heavy multi quarks and practically are proper can-
didates for the Dark Matter particles, if are suggested almost stable and neutral.
The extrapolation for the average transverse momenta of these states may be useful
for the futher seach of predicted new physics.
This study shows that the results of routine phenomenological analysis of exper-
imental data have far-reaching implications for the high energy physics.
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